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Lines of Argument 

for Large 1811-12 Magnitude 
 Based on Liquefaction

1.  Historical and qualitative observations 
of liquefaction 

2.  Regional comparison of predicted with 
observed liquefaction 

3.  Distance of liquefaction from seismic 
sources 
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1. Historical Observations 
of Liquefaction

• Large volumes of extruded water and 
sediment 

• Acres of subsided ground 
• Tall water spouts (>10 ft) 
• Massive river bank failures 
• Widespread and extensive (10’s of miles) 

liquefaction 
• Long and wide ground cracks 
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1. Historical Descriptions - 
Width of Ground Cracks 

•  “Fissures would be formed, six hundred and 
even seven hundred feet in length, and twenty 
or thirty feet in breath.” - A. N. Dillard  

•  “The surface of the ground was cracked in 
almost every direction and stood like yawning 
gulphs.” - James McBride 

•  “The earthquake had rent the ground in large 
and numerous gaps.” - William Leigh Pierce 

•  “…fissures of amazing width…” – Weekly 
Register 
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2. Regional comparison of 
predicted with observed 
liquefaction 
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Range of 1811-1812 New Madrid 
Earthquake Magnitude Estimates 

Event Rupture 
Segment

Hough and 
Page (JGR, 

2011) 
Hough 

and others 
(2000) 

Hough and 
Martin 
(2002)

Bakun 
and 

Hopper 
(2004)

Johnston 
(1996b)

2008 USGS National Map

Model 1Model 3 0.5 0.15 0.2 0.15

NM1 December 16, 
1811

Southern 
(Cottonwood) 6.7 6.9 7.2-7.3 7.6 8.1 7.7 7.3 7.5 8.0

NM1A
December 16, 
1811 (dawn 
aftershock)

Southern 6.5 6.7 7.0    

     

 

NM2 January 23, 
1812 Northern 6.8 7.0 7.0 7.5 7.8 7.5 7.1 7.3 7.8

NM3 February 7, 
1812

Central 
(Reelfoot) 7.1 7.3 7.4-7.5 7.8 8.0 7.7 7.3 7.5 8.0

Weights
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Predicted PGA with Consensus GMPE 
and VS30 Site Correction 

M6.8 M7.7 

1811-1812 
Liquefaction Area 

50 km 50 km
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>1.0
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0.8-1.0
>1.0

PGA, g
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Northern Segment-M7.5

Southern Segment-M7.7 Observed Liquefaction
1811-1812

Prob.

Predicted
Liquefaction

Predicted
Liquefaction

Predicted
Liquefaction

Predicted
Liquefaction

Predicted
Liquefaction

Predicted
Liquefaction

Central Segment-M7.7
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Northern Segment-M6.9 Central Segment-M7.2

Southern Segment-M6.8

Prob.

Observed Liquefaction
1811-1812

Predicted
Liquefaction

Predicted
Liquefaction

Predicted
Liquefaction
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3. Distance of liquefaction 
from seismic sources
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Maximum Distance 
to Liquefaction 

from Seismic Source 
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Sites with liquefaction for all  
three 1811-1812 events 
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Multiple liquefaction event sites from 
Tuttle and others (2002)

Liquefaction map from 
Obermeier (1989)



Maximum Distance 
to Liquefaction 

from Seismic Source 

Maximum distance from source, km
1 10 100 1000

Ea
rt

hq
ua

ke
 M

ag
ni

tu
de

4

5

6

7

8

9

Youd and Perkins (1978)
Ambraseys (1988)
Papadopolous and Lefkopolous (1993)
Papathanassiou et al. (2005), Aegean only

Bhuj

San Simeon
Loma Prieta

Olancha,
CA

Randolph, UT

M6.5 liquefaction limit
Northern segment

Sites with
all 3 events

15



Maximum Distance 
to Liquefaction 

from Seismic Source 
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Maximum Distance 
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Summary 

Lines of Argument 
for Larger Magnitudes 

• Qualitative observations of 1811-1812 
liquefaction deformation and intensity 

• Regional comparison of observed and 
predicted liquefaction 

• Distance of liquefaction from seismic 
sources 
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